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ABSTRACT

The parameters of a 90~degrec phuse difference (Dome) filter, and their
relationship to the filter characteristies, « e derived and discussed. The degign
of two RC implementations and their worst- mase analyses are shown.
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1. INTRODUCTION

The "Dome filter" was originally described by R.B. Dome' aad consists of
a pair of second-degree all-pass networks with a phase shift difference in the
vicinity of 90 degrees over a wide bandwidth. Dome's article shows three differ-
ent implementations - one LC «nd two RC circnits - and gives equations for the
component values based on an apparently arbitrary (within limits) parameter (s).
He suggests frequency parameters for the two all-pass sections which result in
a one-sided phase difference curve as shown in figure 1.

Antony published a report’ on Dome filter design with a compuier program
for component dimensionit z. He points out that there is a relationship between
the bandwidth and the ripple of the phase error, which is determiied by Dome's
parameter s. He suggests to shift the pliase difference response down, as
shown in figure 2, to obtain equal positive and negative deviations from the nominal
value. For a given bandwidth, this design modification almost halves the error or,
conversely for a given maximum error, it almost doubles thc bandwidth.

"

log £

Figure 1. Phase response versus
frequency obtained with
Dome's dimeansioning.

4¢
* 44 max Ad max .
I W
A min
el
log f

Figure 2. Equal-ripple phase
response.

'R. B. Dome, "Wideband Phase Shift Networks," Electronics, Dec 1946, p 112

vol. 4.

. T. Antony, "Dome Filter Design and Analysis Program," HDL TM-70~26, 1970.
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Another RC realization of the Dome filter with a differential amplifier was
given by Sebol.’ He use- as filter parameters tabulated data published by
Bedrosian,* which also permit the design of higher order phase difference net-
works by cascading second-degree all~pass sections. The phase response
corresponds to figure 2,

2. OBIJECTIVE OF THIS REPORT

Neither one of the cited papers presents much of the theoretical background
of the Dome filter, the knowledge and understanding of which can add signifi-
cantly to the designer's confidence. This is one gap which this report intends
w fill. While the higher-order filters are not accessible by elementary analy-
sis, the second order (Dome) filter is readily so.

The cited papers present various graphs showing the relationship between
the filter parameters, bandwidth and ripple; Antony's computer program calcu-
lates the component values from the phase deviation* This report derives the
calculation of the filter parameters based, at the designer's choice, either on
the required bandwidth or on the permissibic phase error. It also shows the
flexibility which exists in dimensioning component values.

Dome uses an arbitrary capacitance ratio in his formuias for the compen-
ent values, but deprives the designer of one degree of frecdom. Antony uses
this capacitance ratio in his computer program. Also, the user of his program
seems to have little choice as to the commponent determining the impedance level
of the fil.«r. However, as this paper shows, any component of a filter section
may be seierted for this purpose, and the impedance of the two sections need
not necessarily e the same. It is deemed impor:ant to acquaint the designer
with the flexibility avedable in this circuit so that he may realize it with as fow
an impedance spread as possible and as many as possible standard values for the
capacitors, because non-standard capacito.ss i e expensive and hard to get.

The calculation of the component values for Sebol's circuit is also summa-
rized to make it available to the user in the same frame of reference.

As this paper shows, the caiculation method for filter parameters and com-
ponents, even with the described full flexibility, is not unduly complicated,
requiring only a desk calculator.

Finally, this report presents worst-case analyses of the cffects of compon-
ent olerances on the phase difference for a Dome circuit and the Seboi circuit.
Con:puter programs for this purpose, and representative sample outputs are
listed.

3Sebol, R., "Design of Active 90-Degree Phase Difference Networks, "
HDL~-TM-68~-18

“Bedrosian, S.D., "Normalized Design of 90-Degree Phase Difference
Networks," IRE Trans. on "irzuit Theory, June 1969.

*With some error: in one particular case the component values from the
computer pregram were up to three percent off.
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3. DERIVATION OF THE FILTER PARAMETERS

3.1 Frequency Response of the Phase Angle

The transfer function of a second~degrese all-pass network with the complex
frequency p is (fig. 3)°

Vo) e tpy) 0 +Dy)
= 5 (1)
Vi ®-py)P-py

Where py = -« + jB.

It has two conjugate-complex poles and two conjugate-complex zeros located
symmetrically to the poles vith respect to both the origin and jw-axis. The
frequency response can be written as

\ Volo)  [-a+j@if) [-a+j @-B)] @
v1 = [a~ivj(w--ﬁ)][a+j (w+,3)] )
$1 * %2
= z‘.’iagn.:———L-: = Magn.|®_
[#3 %4

) iw

pp x—— if ©-P

|

e 4

Py X o - Py

Figure 3. Poles and zeros of second-degree all-p: ss.

5., . .
_sec, for instance, L. Weinberg, "Network Analysis and Synthesis, ' MeGraw
i1, 1962, p 285,
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with the phase angle ¢ - ¢1 i ¢2 - 4’3 )

The phase angles of the individual terms are expressed by
ang, -
ta ¢.3 «

tf3
tan¢4 = _(»__L
[ 4

tanf,”l _:a = tan (n- ¢4)

tang, = 278 . otan (n-¢3)

Lius

¢ = - 2arctan ()

4oa (wz—nz-f!Q)

(wz ) 02_/32)2 - 102a2

arctan

“)

and substituting » - 2=f

saf2 o+
” - 4 2
¢ - arctan il .
’.2 ) z+/}2 2 ) f2a2
2 22

10




Comparing this result with Dome's equation

2s f fo (fz-t'o ) ]
e = (fz-foz)z - (s fo f)2 ©)

shows that Dome's parameters s, fo are related toec , 8 by

Va2 + ﬁz“

fo = 27
(6)
s = & _ = 2 .
I 5
Using (6) to eliminate « and 8 from (3) yields
¢ = 2arctan -----—f fo 8
f‘2 - fo2
where f and fo can be substituted by the frequency function
=L _fo
Vo 5% T 0
resulting in
¢ = 2arctan % . (8)

The function v is often used to describe the response of tuned ci -2 qits or
band pass filters which are symmetrical (although not linearly) abou, a ive-
quency f , corresponding to v = 0. So the phase response of this alt--ras: net-

r{-n.

work is in the same way symmetrical about f , which could be callzd s
center frequency; ¢ (fp) = -180°,
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The dome fiiter uses two all-pass sections connected as in figure 4. Of
interest is the phase difference of the output sighals:

A¢ = ¢Z - ¢1
By, 5
v, v
A¢ = arctan 2 1 9
2 5.8
L o152
Viva

where vy and vg are defined by (7) witn the center frequencies {, and {9,

respectively. An example of the phase shift with some arbitrary parameters
is shown in figure 5.

3.2 Condition For Equal Maxima

Setting the deri rative Qdéfj‘: equal to zero, solving for the locations of the

extrema finaxis fmax2s fmin and letting A¢ maxi = “$maxy would result in a
condition between the filter parameters tor vqual maxima. However, this is

too unwieldy to be done in a general way. But it turns out that
S, = 8y = 8 (10)

is one condition resulting in equal maxima, as will be shcwn., For this purpose
the following new frequency function is introduced (fig. 6):

ot a
A ‘ [21
fo °] . VOX
V. f
1 I ol I
o~-4
d) -0 Vo2 b2
r ‘02

Figure 4. Base dome filter.
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Figure 5. Phase shift and phase - Figure 6. Frequency function z.
difference of an arbitrary
dome filter
(f01 = 0.6; $; = 3.5;

fop = 2.0 s, = 4.6)

where
fm = /folfoz . (12)
With
f .
[o]
b= [+ (13)
ol
the center frequencies of the two all-pass sections can be expressed as
= fm
7 b
(14)
f‘ 5 = bfm .
13
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Using these frequency functions and equation 10, eqaation 9 can be written
as a function of z:

4% - arctan *

2 Z2_(]0,(_15)2_,_82

sz (b - -tl;) 15)

Under the condition of (10), the phase difference A¢ is obviously symmetrical
about fy,, since there are always two values of { (geometrically symmetrical
to f;,) which give the same z, and A¢ is a function of z canly. So the z-value
Zmax Where (15) has a maximum translates into two frequencies, located on
opposite sides of fy,, wherea¢ has the same maximum amplitude A¢(Zyax).

Zimax could be found by setting%%—zf = 0, but this procedure does not also

yield the minimum. The locaticn of the minimum can be ascertained by
re~-introcducing the frequency irto (15) and differentiating with respect to f. As
it turns out,

corresponding to Zoin = 2; at this point, A¢(z) has an absolute, not a relative

in
minimum,. The frequencies of the maxima are

Tmax _ Vs (1)’ £y (b+5)*-4 (16)

{ 2
m

The values of the function at the minimum and at the maxima are as follows:

amn

(18)

14
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3.3 Conditions for Equal Ripple Around 90 Degrees

For most practical applications, a phase difference of 90 degrees is
required. The condition for equal positive and negative maximum errors with
respect to 90 degrees (fig. 7) is

Admax +2A¢min - 909 \

Aé¢max Adémin
tan (A¢max +A';Smin)___ tan =5 ttan 5 = tan 90° = oo
2 2 1-tan Admax tan Adnia
2 2
1 - tan A%max tan A¢9mm =0

which,. with (17) and (18), leads to
* (o-3)’
V607 [ 691

This equation may be combined with one other condition to solve for the
parameters s and b: either the maximum deviation or the required bandwidth.

3.4 Bandwidth

The edge frequencies (fig. 7) that describe the useful frequency range are
defined as the frequencies where the error of the phase difference is the same
as at the minimum, §, which is equal in magnitude to the deviation at the
maximum. At this band edge, the frequency function z has the value

_.fm _ 2 fm
2y, fm+f1 fm+f2’

b s T
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Figure 7. Definition of edge frequencies f

16

‘ 3
)l ; |
0 M 4
90 ) 1 J
| I
} $ -1:-
; | 1 T
I
by b
I T
I | ! =
flf! 1 1 § o f
1 'max] fm fmax2 2
min
| . L i 1 -7

AR gl DA S Al s U B S e i b et s b

ﬁ
C aanit Taw v e e AN L ara AL DA A

{20)
(1) ;
(22)

1' fzo




e A i B N R T R T S B

TR -‘.'ﬂ:d%
“
]
%7
ri
.
7
14

3.5 Filter I'sramelers for a Specified Bar lwidih

TR

If the edge frequencices f1.

fy are specified, fm and z;, follow from (20) and
(21). At the band edge,

2PoR LA

Ao(z) = d4min. :

B

The two sides of this equation are given by (15) and (17). Combined wity the &
ceudition of equal ripple (19}, a solution for the parameters s and b is olnained:

2 z].‘f—-‘l 212‘-—4 “ A

_2 7y 2 2

Ui
it

- 2 = -4 (23)
2 2y,-2 (pos.
solution)

. .2 2
2 224 2 2.2-4\2
I i s.L V., (24)
2 "7 <5 (=) = ‘

(+ signif f , > f,> fol) .

PPN UL/ PSRN N TR - oY IPCRPT IS SO NIPTET /YRR 3 SURI TV DT QTP LIRS 3

The phase deviation § occuring in this case follows from

90° -5 = A¢min

IR NCY TR TR P VTN

3

. 5 1 -tany ¢ mi
tan (450- ;) il i tan A2m1n ;
= 1”'{3:“3

i

using (17) and solving for tan %:

W e et T st e et S o XA T,

NS i

5 sz-<§)~%)2—2s(b—;‘—)
tan 2 = -

3" 73 IR
§ "(’”E) ”*S(b'b)

The order of calculation is shown in figure 8.

O S

(=T

. (25)
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é
(25)

k \- - } fmax 1, Tmax 2

- (16)

Figure 8. Order of calculation, and equations used,
when the band edges are specified.

3.6 Filter Parameters For a Specified Deviation

Instead of the bandviidth, the maximum deviation § from 90 degrees may be
specified. The twe equations to be solved for s and b are (19) and /(25). With
the abbreviation

l—tan-%
D= —=, (26) ’
1+tan§-

b is eliminated by

2 2
b”y/f?; I R @7)
s D +4 s D +4

and a polynom o( 8th degree in s is obtained:

Fis)z (s7n2+16) % - 16 5% (s2-4) (s2D%+4) = o, (28)
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It may be solved numerically using Newton's method:

F (sl)

! (51)

82 Sl

.
?

the derivative is

Fie) = 8% - 960%° + 1285% (¥ +op%.2) + 512e.

After the solution of s has been found, b is calculated from (27). The
resulting nandwidth is obtained again by considering that, al the band edge

2= Zy,

AqS{:;:I) = A¢min .
Substituting botb parts of this equation by (15) and (17) and solving for 2%
_1[2 (,_L)2
ZL—4[S “(b b)]
172 _;)2 2 _f[2 (1 2]
& 03T [ -8)]

The edge frequencies are obtained from (22). Figure 9 summarizes the order
of calculations. The following tabulation shows some numerical examples:

(29)

8 2 deg 3 deg 4 deg
S 3.568144 4,102830 4,325051
b 2.050514 2,110651 5. 165476
Zy, 4,260048 5.076946 5.901764
fz/fl 16.0358 23,7332 32. 8003

e LA - e S
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(27) L

2,
v

< | - 29 TN

'y -
ﬂ (29) } b
11

. } fmax l’fmax2

I fm a : - (16
k’ t‘ol’foz
=

" \’} fl’fz

(22)

Figure 9. Order of calculation, and equations used,
when the maximum deviation is specified.

For & =0, the smallest possible value of s is obtained (s = 3,107543). Going
back to the original parameters «, 8 of the all-pass network and solving (6)

tor f3:
B = wfov 4 - sz

shows that, for all practical filters, # is imaginary, j8 is real and 21 poles
and zeros are iocated on the real axis (fig. 19). Hence, the network ;. saited
for RC realization.

) iw
-a-ff -a+pl | a-/8/
¢ + > .

o+/B/
4 i
- Ol o

g

Figure 10. Pole and z#ro location for s > 2.
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4. RCREALIZATION WITH BALANCED GENERATOK

One of the implementations of the all-pass filter suggested by Dome is an
RC network fed by two out-of-phase signals, figure 11. In view of the worst-
case analysis performed later, a possible ditference of the magnitl - des of the

input voltages has been considered. The frequency response of the transfer
foaction is:

-
Vo - (rav)c,

— e e

V1 CZ+C3
\30)
- 1 1 1 1
() ‘J‘”[ ; - - ]+
(1+4V) ;{] c, Rlc1 &,C, R1R2C1 05-
f,l__+_1_. 2 1
9 'R, R, 1 , R, + I,
(o)™ + jo cz+c&’nc "R é+c "R.C, (C.+C
273 171 1(2 3) 11(2'3

4.1 All-pass Conditions

The all-pass conditions of the

circuit of figure 11 are derived for aV = 0.
The general all-pass transfer func

ticn {2) may be written as

Y2 . 92 2aju + ad 4 p?

—— T2

Vl Gw)a +2eju * fY2 + /3—2-

(31)

Compared to (30), it follows that (31) describes an all-pass if

.3
R, By PR W 1 2t 1 3
C, +C, nlc1 31(02463;) R C, Rlcl chz
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Figure 11, All-pass circuit with balanced generator.
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These two equations may be simplified to

@]
e

With the abkreviavions

s

13

and recalling from (6) that

(32)

(33)

equation (30) can be written if the all-pass conditions ar¢ met as

A r) ‘1
\Im:'

<:]_VJ<:¢

(U

[ (s )](( ) '—'(

S o)

(34)
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5 4.2 Dimensicning
As shown by (34) the transfer function of the all-pass circuit is expressed by
y the angular center frequency o, and the two circuil parumeters ¢ and r. The
' desired filter parameter s (par. 3.5 and 3. 6) provides one condition between
then, so one pavameter is selectable, Recalling from (6) that
z S =5
‘ and comparing (34) with (31) shows that
%- .
: = ,(E SR S el
% s - o cer
As it is convenient to select the capacitance ratio, this equation is solved for
the resistance ratio
1
3
-8 S2 N 1 .
= 2 4 2= e an
; VT — "Vl (35)
A 2ve

The dimensioning continues by calculating the ratios R3/R2 and C3/Cg3, which
are equal according to (32) and follow from ¢, r using (33):

™o
BX
l»-a

C, R 'a";(

|
1
|
[1}

~ - 1° (36)
+r

0 fru

The ratio ¢ has to be selected so that both r and a are positive real numbers.
figure 12 shows as an example the range of possible values for the filter
parameter s = 4.

Dome and Antony arbitrarily set

RIC1 = R202

24

i
k
bs
:
§
i
:
?
3
5
%
~
x
E'A
5
1
2
%
3
;
¥
%
£
3
1
¥
4
%
1
X
2
p
i
~
3
3
3
4
g
i
:
H
|
5
4
3
3
3
E
i
E
g
4
v

TR LS PR P S ST, IR N ) RIS ATE s W B s

X

2




¥

15

e e M v

JURTEPEAY WP THOT JCEATS

PP TR U S

m T fakn ekt sy

‘l
PUPRPR I N PN Y IV E IR

e,

]

~ .

]

Figure 12.

Possible circuit paramelers for s
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After a seq of circuit parameters c, r, a has heen found, continue by

selecting one of the three

&
q
F
%
4
%
]
4§
¥
1
A
2
i
b
)

resistovs or capacitors
r a ~ C a
Rie— By e Ry Cle3CoeCy
then obtain
re Vre
C, = R, = —=~ 37)
1 w 0R1 1 wocl
c a r a
C1 <—>Cz <—+(‘3 R1<—-—>RZ <—'*R3

4.3 Effect of Component Tolerances

With

nominal parameters wos 4y C, T3

nominal componernits R

10* Ragr Bygr Cigr Coqr Cypr 3V = 05
actual components Pi’ R2, R3, Cl’ C?.’ C3, AV,
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the transfer function of one all~pass section (31) can be written as:

VPG CRATA RS ST TR M s L A e St v

!

.\
Ju) _Je
-(1+av)c, (:.‘") o E1*Eg

Q (o] B
C.+C VI 68)
2 3 ) +Je g +E
9o “o 3 4
20 \[§_R10 %0 1 B %20
02 r R1 C1 NS R2 (,2
P20 C10 a0
Ry € &
B, 1 B0 Rio
R, aRa+R1cS;Q___1_+\/§ﬂ B
Co1 S By Gver Nr S 10 G
C a C C a C,
20 30 20 30

;)
7
vl
z
:
i where
: E = .IE]‘_Q
1 Rl
R
£ =
2 Rl
E3 = 4/CF
Bio
E, = !
4 C1
C10

tolcrances.,

Equation (38) vontains only the nominal circuit paremeters and ratios of nomi-
nal to actual component values.
of cumponents on the frequency response cap be studied for a.more general
network. A computer program, listed in appendix 1, has been writlen to calcu~
lIr ¢ the worst-casc phase difference for combination of specified component

In this way, the cfferi of percents e variations

Tolerances may be specified for each of the threc cesistors, for each of
the three capacitors and for the symmetry of the input voltages.
assumes the same tolerances for corresponding elements in the two channels.

It furthar uses the fact that the toierance of a pair of components (e.g., Rgin
channe: 1 and 2) ;

The program

iffcetls the response most if the two components are at

G Mmoo w

e oA A m oahent

3
5
3
H
2
}
9
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opposite ends of their tolerance range (channel 1: Rg = Rgo + ARy;

chamnel 2: Rg = Rgg - ARg). The program goes through all possible combina-
) tions of tolerances (27 combinations if all tulerances are specified as non-zero);

and in cach case sweeps through the frequency range and notes the phase ciffer-

ences at the extrema and the band edges. The smallest and largest values for

all combirations at each of these points is printed out.

The band edges arc specified as the ratio fo/fy, from which the filtex
parameters s, b, § are immediately computed (eq. 23, 24, 25). The running

frequency variable is x = f—f- , and it is swept from
m

f , { { f
1 1 2 2
X, = =&/ = - to %, ¥ — = |+
1 fm f2 2 fm f1

The frequency variable actually substituted into equation (38) is (using (12) ‘

and (13)):
For Channel 1 For Channel 2
P S IR S B
%l ~ fm “%2  fm b

Since the absclute frequency limits need not be specified, the worst-case
analysis is valid for any filter of such configuration characterized by band width
fo/t; and implementation parameters c(chan. 1), c(chan. 2).

4.4 Amplifier Considerations

The Dome filter impiementation treated in thi * chapter must be fed bv two
signals of equal ampiitude and opposite phase (fig. 11). A simple one~trans: “tor
phase splitter as in figure 13 probably does not suffice when a phase error of a
few degrees is desired.* The change of the emitter load Coll Rg with frequency
reflects onto the equivalent collector voltage source.

This interaction is considerably reduced in the two-transistor cireuit of
figure 14. It should work satisfacterily when the emitter load impedances Ry
and Rg |l Ry |} Co, multiplied by the transistor current gain, each are large
compared to the generator impedance ZG‘

*supported by experience relayed by K. Sann, HDL

28




Figure 13. Dome filter.fed by simple phase splitter,
not recommended.

Figure 14. Dome fiiter fed by two transistors.
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Impedance relationships need not be considered when feeding the Dome filter
by a pair of integrated-circuit operational amplifiers (fig. 15). One operational
amplifier works in the inverting mode, the other in the noninverting mode.

With unity gain, as shown, the voltage symmetr;; %cpends uypun the two resis-

tors RF being equal. With a resistor tolerance , the gain tolerance is

Ry

ARy,

AV = 275 .
RF

The amplifiers may provide voltage gain; in that case there are two pairs of
resistors whose ratio must be equal.

A phase difference between the outputs of the inverting and noninverting
amplifier is possible, particulariy at frequencies approaching the upper limit of
the operational amplifier; this error is not included in the worst-case analysis.
4.5 Example

Design a phase difference network of 90 degrees with a maximum nominal
deviation of +2 degrees and a bandwidth as great as possible, extending, if

pos ible, from 600 to 10000 Hz.

5 = 20

RF
AAA
ey

Figure 15. Dome filter fed by two operational amplifiers.
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; According to the scheme of figure 9: 3

’ 2 s = 3.868144
b = 2.050514
t 2y = 4260048
Using the desired edge freqguencies to find a suitable center frequency :
I, ~V600°10000 Hz = 2449.5 Hz —> ;
f  + 2450 Hz.
m
. The actual band limits are then ¢
fl = 610.9 Hz

and the other characteristic frequencies are

f = 1194.82 Hz
ol

f , - 5023.76 dz

02
i . = 971.3 Uz
maxi
6180 Hz ,
max2
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It is generally advantageous to select capacitor, rather than resistor
values, to be standard values.* For cach all-pass section, two capacitors
can be selected. In this example, C; and Cg were chosen by trial and error so
that C3 comes close to 2 standard value too. Depending on the permissible
actual phase error, this standard value may be usable. If nothing else, it
makes breadboarding easier.

Section 1 Section 2
C1 = 12 nF Cl = 6.8 nkF
02 - 2.2 nF C2 = 1 nF
¢ = 5.,454545 ¢ = 6.800000
r = 0.168105 r = 0.196085
a = 0,464393 a = 0.457115
C3 = 4,737 nF Cs = 2.188nF
Rl = 10.31 kQ R1 = 5,380 kQ
Rz = 5.20kQ R2 = 27,44 kQ
R, = 30.28k0 , R, = 12.54 k@

The results of the worst-case analysis are shown in table I. After listing
of the parameters, the frequency is swept once with the nominal values to ensure
that the input data are correct. The next seven results show the effect of the
variation of one component at a time. As it is, Ry and Co affect the phase dif-
ference mainly at the higher frequencies, Rg and C; mainly at the lower frequen-
cies. A voltage unhalance shows up, although to u lesser degree, at both ends
of the band. The effect of variations of Ry and Cg is only about one-fourth of that
of the other resistors and capacitors.

With one percent tolerance of all components (except one-hali percent for
Ry if the circuit shown in figure 15 is used), the possible phase ercvor is almost
three degree, in addition to the nominal two degree error with ideal compon-
ents. If all resistor tolerances ave reduced to one-fourth percent, the possible
error is close to four degrees, or twice the nominal error. [f standard values

‘(1 percent) are ordered for Cg, its possible variation may be up to 1.7 percent

from the theoretical value; as the last output shows, the ervor is increased only
very slightly. ‘

*Although onc-puercent capacitors way be ordered with any arbitrary nominal value,
nonstandard values have higher prices and longer delivery time. This was found
{o be the ease with ceramic capacitors from Aerovox, Eric and Vitramon.
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TABLE I. DOME CIRCUIT WITH BALANCED GENERATOR

NOMINAL PANDWIDTH F2/Fl= 16,0800 .
NO#H. DERIVEC PARAM. $23.867941 Bx2.050461) DELTA=2.00

NOM. REALIZ. CHAN.1 A= Q.46434 C= 5.45450 R= 0.15811

CHAN, 2 0.45706 6.80000 0.19610
AERRRERBPCHRERRERIL RUR KA RBEARRTARERIERERD SRE XS EE S SR RRRES
Fi 1.MAX MIN 2.MAX F2

R R RS T IR ANIETLEZESTARZIR AT TISERNETANR

OP NOM./DEG 88.00 92.00 88,00 92.00 88.00

COMPONENT VARIATION (+/-PCT) RL R2 R3¢l €2 €3 ov
(CPPOSITE IN CHAN.142) ==memmeccecee———-

1.00 -0.00 ~0.00 -0,.00 ~-0.00 -0.00 ~0.00

D> MAX /DEG 88.14 92.26 88,64 92.93 88.96
DP MIN /DEG 87.86 Cl.74 87.35 91.06 87.04

COMPONENT VARIATION {+/-PCT) Rl R2 R3 c1 c2 c3 ov
{OFPOSITE IN CHAN.1,27 B i -

-0.00 1.00 ~0.00 “O.QO ~0.00 -0.00 -0.00

DP MAX /DEG 88.71 92.68 88.43 92.11 88.N2
OP MIN /DEG 87.29 91.32 87.57 91.89 87.J8

COMPONENT VARIATION (+/-PCT} Rl R2 R3 €l €2 €3 OV
{OPPOSITE IN CHAN.1,2) e s e =

-0.0C -0.20 1:.00 -0.00 ~0.00 ~0.,00 ~-0.CO

OP MAX /DESG 838.25 92.25 88.c1 92.15 88.12
0P MIN /DEG BT.75 91.74 87.179 91.85 87.88

COMPONENT VARIATION (+/-PCT) RL R2 R3 C1 €2 €3 ov
(OPPOSITE IN CHANG142) =m=meecceccceecccceee ——— .-

~0.00 -C.00 -0,.00 1.00 ~0.00 ~0,00 ~0.00

OP MAX /DEG 88.96 92.93 88,65 22.26 88,14
DP MIN /DEG 87.04 91.06 B7.35 9l.74 87.86

COMPONENT VARIATION (+/-PCT)} R} R2 R3 Ci c2 c3 oV
(OPPOSITE [N CHAN.1,2!

~0+00 ~-0.00 -0.00 ~0.00 1.00 -0.00 ~0.CO

DP MAX /LEG 88.02 92.12 88,43 92.67 88.70
DP MIN /DEG 87.98 91.88 87.517 91,32 87.30

COMPONENT VARIATION (+/-PCT) RL  R2 R3  Cl c2 ¢ ov
(OPPOSITE IN CHANa142) =eecemeccccccceecceee - ———

-0.00 -0.00 -0.00 -0.00 -0.00 1.00 -0.00

OP MAX /DEG 88.12 92.14 88.21 92,26 88.26
pP MIN /DEG 87.88 91.85 87.79 91.74 87.74

COMPONENT VARIATION (+/-PCT) R:Y R2 R3 €l €2 C3 DV
(OPPOSITE IN CHAN.132) ~—==memcmccecmee. ——-

~0.00 -0.00 ~0.00 ~0.00 --2.00 -0.00 1.00

OP MAX /DEG 88.62 92.51 87.99 92.51 RB.62
0P MIN /DEG 87.37 91.48 87.99 91.42 87.37

33

.0

v caale o LR e A e R SRS DT

e e o




e T e R o R A S R A e E R e R RS S I S TR TR AR Y QEARIAE TR

TABLE [. DOME CIRCUIT WITH BALANCED GENERATOR (Continued)

COMPQONENT YA™ JATION (+/-PCYT) R1 RE R3 ‘ cl c2 c3 Ov
(QPPOSITE IN CH'AN.1.2. - ——- -
1.00 1.00 1.00 1.00 1.00 1.00 1.00

DP MAX /DES 90.80 94 .89 90.58 94.89 90.80
oP MIN /DEG 85.1¢% 89.07 85.41 89.07 85.15

COMPONENT VARLATION (+/-PCT) R1 R2 R3 Ci L2 c3 ov
(OPPOSITE IN CHAN.1,2) - —— ———
0.25 0.25 1.00 1.00 1.00 1.00 0.50

LA T R B e S A S R U AN A R e A SIS W Rt e T ¥

R

OP MAX /DEG 89.87 93.94 89.78 93.86 89.77
DP MIN /0EG 86.11 90.05 86.22 9G.13 86.21

COMPONENT VARIATION (+/-PCT) R1 R2 R3 c1 2 c3 ov
(OPPOSITE IN CHAN.1+2) = —~w——cm—cvece-
0.25 0.7% 1,00 1.00 1.00 1.70 0.50

TSR X TARS AR

OP MAX /0EG 89.95 94.04 89.9. 94.0¢4 89.95
pP +IN /DEG 86.93 89.95 86.07 2995 86.03
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5. RC REALIZATION WITH DIFrERENTIAL AMPLIFIER f‘

While the circuit discussed in the previous section may be fed by operational ;
amplifiers, the implementation suggested by SEBOL needs an operational ampli~ E
fier as an active part. It is based on the lattic network of figure 16 with one
terminal of the input voltage greounded and the output floating. In the actual cir-
cuit of figure 17, this output is connected to a differential (operational) amplifier,
and the resistive divider is also utilized as the feedback path. The transfer func-
tion is slightly different from the one of figure 16 and the voltage gain is unity.

The frequency response of the circuit of figure 17 is

et T Y SO R W R LA R A B

. ( 1 1 k ) 1 :
. -t . — ’ :
y_;_ (o)™ +ju \C;R; czn2 CiR, C,C,R| R, " ;
, 1 1 1\, 1 (39)
G ) + jw ((1111 CZR C1 {2) 1CZRIR
where
s R3
o
e
| Vou
:b
<
vin
Figure 16. Basic all-pass : Figure 17. Qebol's all-pass circuit.
network.
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' 5.1 All-pass Condition !
i

Comparing equation (39) with the general all-pass transfer function (31) shows i

that the constant terms of numerater and denominator are always identical, and, 3

comparing with (16) :

j

OJO - _"—.""‘._—_'__‘_T:."‘:: . 2;

ClCQRle :;

The other condition for an all-pass function is then

AT TR B AT

-1 1 k .1 .1 . 1 ';
Cify CoRy GR,  CGR,  CoRy CiR,

or with the abbreviations

:
¥

the all-pass condition is
2
k- St2ctl (40)

If it is met, the transfer function may be written as

2 .
jo\ _Je [ 1 [ \/I +
V,% (;*\ w </"")‘ re c)*l

e 1)
! (..‘.”.) e [ L, VTC ¢ ﬁ 11
“of Yo re ¢
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5.2 Dimensioning

The desired filter parameter s provides again one reiation between the
circuit parameters ¢ and r, so one of them is selectable. Comparing (41) with

{31) and (16) shows that

1 r
S‘—‘-—-+\/l'?+ -(;;

vre

this is solved for r to selec:

100 —~ "v’.
” -~
4
30 - ’l”
I"’
'l
— td
10 ’/a k
3+
*‘,\\
l e
AN
03 \\
~
\\
0.1 | S
S
Il
0.03 |- TS
0.01 i § 1 1 L
0.2 0.5 i 2 5
e

Figure 18. Solutions of r,k vs ¢ for s = 4.
Solid curves are for the + sign in equation (42).
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This ali-pass realization conlains only two capacitors, both of which can be ‘%
selected. Furthermore, they may be the same. These are two attractive features :
of this circuit. i
After C;, Cg and thus c have been selected, r and k are found from equa- }
tions (42) and (40);
Rz = -——.._1 , : ':;
w, \[Cl C:2 T
3
by
and Rq follows from r. The absolute values of R3, R4 do not enter; their ratio 3
is given by k. The impedance itevel should be between the operational amplifier
input and ouiput impedances.

5.3 Effect of Component Tolerances

A worst-case analysis has been worked out similar to the one described in
section 4.3. The compuier program is listed in appendix 2. The analysis
considers variations of the passive components only, not imperfections of the
operational amplifier. As the latter is involved very tightly in the performance
of the circuit, and finite gain, input impedance or common mode rejection cer-
tainly show an effect, the analysis is not as useful as in the other case. It shows
necessary tolerances for the passive components; however, keeping these toler-
ances does not in itself guarantee the desired performance.

5.4 Example

Requirements and filter parameters as in section 4.5. For each channel,
both capacitors are selected, and sclected equal. For r, the + sign in equa-
tion (42) is used, because it results in a lower impedance spread.

- G b ph ek
LI R s PR S A it LA AN I L BB MDD 15 PR TRSCN S AL

Section 1 Section 2 j
§
e =1 ¢ =1 ’g
C1 = 62 = 10 nF C1 "‘CZ = 2.2nF ;g
r = 2,646158 r = 2.646158 E
:
k - 3.755813 k = 3.755813
_ C - |; o
R, -~ 8.19kQ R, - 8.85 ki
R, 21.7kQ R = 23.4kQ :
R, 5.6kQ R, 5.6kn ;
R, - 21.0ke R, = 21.0kQ
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The result of the worst-case analysis is shown in table II. Rj and Cg
affect the phase difference mostly at lower frequencies, Rg and Cy mostly at
higher frequencies. Deviations of Ry and Rq have a lesser effect at both ends
of the band, none in the center. A tolerance of one percent of all passive com-
ponents results in a worst-case error of almost 3.5 degrees in addition to the

nominal error of two degrees. Resistor tolerances of 0.25 percent approxi-
mately halve the excess errovr,

The last result of table II shows that somewbat different civcuit parameters
give about the same tolerance sensitivity.

The sensitivity of this implementation is also aboutl the same as the one
treated in section 4.

6. SUMMARY

This report describes a simple method of determining the parameter and
component values and tolerances for a class of 90 degree phase diiference
networks. After a short discussion of previously published papers on this sub-
ject and the limitations of their theoretical treatment, the transfer function on
second order all-pass networks, the parameters of two such networks providing
a 90-degree phnase difference between their output signals, and the relationships
of these parameters to the phase ripple and bandwidth are derived. Simple and
straightforward computational methods, requiring only a desk calculator, for

determining the filter parameters based on either the required bandwidth o, the
permissible phase deviation are then outlined.

Two different inductorless networks for the implementation of the all-pass
function and their respective advantages and disadvantages are described, and
equations defining component valucs are derived. Here, as with the filter
parameters above, the flexibility and options available to the designer are
stressed. 1or each circuit, a computer program is listed and discussed whicn
perimits the calculation of the worst effect of component tolerances on the phase
difference. Transistor and integrated-circuit amplifiers suitable for the active
parts of the circuits arc considered briefly. Computational methods are illus-
trated by examples where the filter parameters, the circuit components, and
worst-case phase errors for both implementations are calcuiated.
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TABLE II. DOME CIRCUIT WITH DIFFERENTIAL AMPLIFIER

(OPPOSITE IN CHAN 1,2) - ———
’0-00 “0000 “0-00 ’000@ -0.00 1.00

,% 2. DEG. EQUAL-RIPPLE 90 DEG. DIFF, NW. WORST EFFECT 3
Ef OF COMP. VARIATIONS
3 a
§ NOMINAL BANDWIDTHM F2/Fl= 16.0800 %
Ew NOM. DERIVED PARAM. S$=3.867941 B=2.050461 OELTA=2.00 3
4 NOM. REALIZ. CHAN.1 C= 1.00000 K= 3,75593 R= 2.64575 §
: CHAN.2 1.00000 3.75593 2.64575 p
; T O P T T %
2 F1 1.MAX  MIN  2.MAX  F2 g
; azxxx::zx:a:-x::a::aazzzzzszzsxazzzstz ‘.%
é DP NOM./DEG 88,00 92.00 88.00 92.00 83,00 %
5

g CGMPONENT YARIATION (+/-PCT) R1 R2 CI  C2 R3 R4 z
E (01 -ISITE IN CHAN.1,42) —————— 4 ;
; 1.00 ~0.00 ~0.09 -0.00 -0.00 ~0.00 §
3 ;
é DP MAX /DEG  8R.96 92.93 B88.65 92.26 B88.14 ]
& OP MIN /DEG  37.04 91.06 87.35 91.7¢ 81.86 s
E COMPONENT VARIATION (+/-PCT) RL  R2 C1  C2 R3  R& 4
: (OPPDSITE IN CHAY.1,2) - - :
g - ~0.00 1.00 =0.00 ~0.00 ~0.00 ~0.00 %
k LP MAX /DEG  88.14 92.26 8.64 92.93 86.96 E
¢ OP #IN /DEG  87.86 9l.74 87.35 91.06 87.04 =
p

COMPONENT VARIATION 4/-PCF) Rl R2 Cl  C2 R3 R4 ;

£ (OPPOSITE IN CHAN.1,32) , i
-0.00 -G.OO 1.00 "0000 "0.00 ‘0.00 ’

OP MAX /DEG  88.14 - 92.26 88,66 92.93 88,96 :

OP MIN /DEG  87.86 91.74 87.35 91.06  81.04 3

— COMPONENT VARIATION (+/-PCY) RL  R? Ci €2 R3 R4 §
% (GPPOSITE IN CHAN.1,2} - - — 3
; "0.00 -0.00 "0000 _l;O__O -0;00 "'0.00 z
OGP MAX /DEG  88.96 92.93 B88.65 92.26 88.14 )

DP MIN /DEG  87.04 91.06 87.35 91.74 87.86 :

COMPONENT VARIATION (+/-PCY) Rl R2 Cl €2 R3 R4 ;

(OPPOSITE IN CHAN.1,2) -— ; :

~0.00 ~0.00 -0.00 ~0.00 1.00 -0,00 :

DP MAX /DEG  B8B8.65 92.53 87.99 92.53  88.65 :

OP MIN /DEG  B87.35 91,46 87.99 91.46 87.35 i

COMPONENT VARIATION (+/-PCT) RL  R2  C1 €2 R3 R4 i

OF MAX /DEG 88.65 92.54 88.00 92.54 88.65 : 3
pP MIN /DEG 87.35 91.47 88.00 91.47 87.35

COMPONENT VARIATION (+/-PCT) R] R2 C1 c2 R3 R4
{CPPOSIYE IN CHAN.1.2) - -

1.00 1.00 1.00 1.00 1.00 1.00

OP MAX /DEG 91.45 95.42 90.59 95443 91.45
OP MIN /DEG 84.45 88.51 85. 39 88,51 84.46

L
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TABLE IIl. DOME CIRCUIT WITH DIFFERENTIAL AMPLIFILR (Continued)

PRI

JEEIN

COMPONENT VARIATION (4/-PCT) R1 R2 ci €2 R3 R4
(GPPOSITE IN CHAN.1,2) e

0.25 0.25 1,00 1.00 0.25 .25

, DP MAX /QEG  89.69  93.76 89.62 93.76 39.69
_ OP MIN /DEG  86.2¢  90.23 86.39 90.23 86.29

PR

Aot

NOM. REALIZ. CHAN.) C= 0.50000 K= 3.15261 R= 1.73519

CHAN,.2 0.50000 3.15261 1.73519
ttto‘tctottttttott#vmtaattttttaatttatmtanttttttttttttttttt
Fl 1.MAX MIN 2.MAX. B2

ERXXZTBER 3383832:833!!888’88:388:288:33

0P NOM./CEG 88.00 92,00 d48.00 92,00 88.00

COMPONENT VARIATION (+/-PCT) R1 R2 C1 c2 R3 R4
{OPPOSITE iIN CHAN.1,2) - 3
1.00 ).00 1.00 1.00 {.00 1.00

DP mAX /0EG 91.40 95.39 90.59 95.39 91.41
DP MIN /DEG 8¢.51 88.55 85.39 88,55 84.51
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APPENDIX }

COMPUTER PROGRAM FOR THE WORST-CASE ANALYSIS OF THE DOME FILTER
CIRCUIT WITH BALANCED GENERATOR.

INPUT DATA :
Data Format Comment
f2/f1 F10.6
c(chan. 1), c(chan. 2) 2I°'10.6

AR}, 3R, ARy, 3C, 3C,, 3Cy, AV

hlank

c¢(chan. 1), c(chan. 2)

7F5.2

Relative deviations in percent
(tolerance set)

Any number of tolerance sets
If anilysis for different
circuit parameters is

. *
desired ?

Any number of tolerance
sets

*As many scts of data cards may be used as desived.
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PROGRAM LISTING

DIPENSION A{2)9CU2)4R(2) 4 LALT)D(81aYLTe2)9E(492),PEP(5),PEM(S5),
iPELS)
EQUIVALENCE (IACL)»Il)e(IAC2),512)5(LAL3)s13),(1A(4),14),
LETAUS) oIS (TALG) 16320 TAITY 1T}
PI=x3.1415926
READ(S,1) F
FORMAT(2F10.6)
X1=SQRT{1./F)}
%X2sSQRT(F)
Gul(XleX)e82-4,)/({X]14X2~2.)
$SuSQRT{GH+SURTIGHGH2 . #GESOKT{ 2.2G-4.)))
B=SQRT( 1. 4+S58S/2,~G+SQRT{ (L. +5%5/2.~G})s%2~1.)}
DELTAx2 ;RATAN((S#S~2.%S%(B~1./B)~(B-1./B)&¥2)/(S¢542.25¢({B~-1,./D)
1-(8-1.78)%%2))#180./P1
HRITE(64+2)F2S+89DELTA
FORMAT( T1H1 2.0EG.EQUAL-RIPPLE 90DEG.DIFF.NW. WCRST EFFECT OF
1COMP.VARLIATIONS/ 25HONCM INAL BANDWIDYH F2/F1=,F8.4/25H NOM. DERIVED
2 PARQH. ST FB.6,5H BxyF8.6y99 DELTA=,F4a2)
READ(5,1) €
DO & 1I=1,2
R{II={~-SA2./SQRTICIL)I+SQRT(S*#5/4./C( )¢+ 1.-1,/C(1)))%%2
Al1)}=20,5/C01./C(1YeR(]))~1e
WRITE(643)(ALT)sCUlEI RITYE21,42)
FORMAT(25HONOM. REALIZ. CHAN.1 AxyFa3.5,5H CxeFB.5,5H R=,F8.5
1714X6HCHAN2¢3F13.5/71X458{ 1H*)) .
DO & N=],8
DiN)=0.
60 Y10 12
READ(S:8Y(DIN) N=1,T7}
FORMAT{ITFS,2)
IF{D(1)a8Qe04 cAND.O(2)eEQeDe e ANDD{3714EQsDecANDD(4) . £EDeOe cAND.
1005} 2EQe0ee ANDaD(6) eEQaO o ANDD(TYaEVaGe) GO TO 3
00 10 1Ial,5
PEP(1)=0.
PEM(L}aP]
DG 13 N=1,7
IA(N)=1
IFIDIN) NELO.) ZAINY=2
00 50 Nl=1,11
Y(l,1)=1.4D(1)/100.%(~] .)%sN]
Vile2)21.~0(137100,%(~]1.)98N]
00 50 Ne=1,12
Y(2o1)21e30(23/7100.0(~1.)%8N2
Y(2:2)2).-~D(2)/7100.%{~1.)%2R2
DC S0 N3I=,1!3
Y33 =ladD(3)/100.%(~1,0224N3
¥Y{3:2)21~D4(32/100.%{~-1,5%%N3
DO S0 Mt=] .4
Yi4e1)21,40(4)/100.8(~1,)88N4
Y4e2)mla~0(4)/7100.%(~1, I08NG
0O 55 N5s1.I5
YiS5.1)=l.9085)/100,.8(~1, %8NS
YiS5:2)021.-0(51/7100,8(~1,1¢*N5
D0 S0 N&=1,16
Y(hsl)mi.40(6)/L00,%(~1,788NE

£
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PROGRAM LISTING (Continued)

¥{6¢2)=1.-D(6)/100. % (~1,)¥8N6
DO 50 N7=1,17
Y{Tel)x1.4D0{T7)/100.%(-1.)%8NT
Y(1421=1e~0(T}/100.50~110oHT?
00 15 1Is1,2 '
E€ly Li=SQRT{COIV/REIII/Y(LaEI/ZYLSo /Y UTo1)-1/SQRTIRITISCLLDS
/YULa2) /Y84, I )-SQRT(RITISCUEIN/YL241)/Y(5,1)
El2:0)=1a/Y 1ol 0/7Y12:10/Y¥04eI)/Y(5,1)
E(3o11=SQRTIR(IIRCITNIS(L/YI20 1) +1a/RLTD/YE30 L))/ UY (S92 04Y(6,])
. 1ZACE) 141 /7SQRT(REIISCIEDIZY U100 /¥ LA T)SORT(CLTII/ZRIIDIDI/IVELL1Y/
: 2 YIS,V 16,10/7AL1Y)
15 Edhof)=tlo/YI201040a/Y 3¢ 1)/ACLI/Y I e L)/Y LG ) /UYIS1¢Y(61)/
1ALE)) ’
N=1
DO 30 Iwl.101
IF(N.EQe4AND.I.LT.101) GO YO 30
X=X1%{X2/X1)**(FLOAT{I~1}/100.)
Pa—ARCT(~X®BSE(Ly 1) sE(241)~( X*B)##2 ) +ARCT(X®BEE(341) oE(4y]))~( X®B)
1882) +ARCT{~X/B¥E(1+2)eE(242)=(X/B)*82)-ARCT(X/BSE(342)+E(442)~

3
3
3
%‘:
3
:
1
4
§
i
i
g
3

o

U TR P

IR ST R

P

2(X/78)%%2) ,
IFL1~1) 20,20,21 :
20 PE(1)=p :
GO 10 30 :

21 TF(P~PQ) 26430422 ) j
22 IFIN-2) 23424425 '
23 PE(2)=P

GO TC 30 5
26 Ne3 :
GO YO 30 -
25 PE(4)=p
GO TO 30
2¢ IFIN-2) 27,28,29 :
21 N=2 i - :
GO T0 30 '
28 FE(3)=P
GO TO 30
29  Na=b
30  POsP ‘
PE(S)aP i
N0 35 [al,5

IF{PE(I)GT.PEF(I)) PEPLI)=PEL])
35 IF(PE(T}LT.PEM{T)) PEM(I)=PE(])
50 CONTINUE

LF{D(8)) 51,51,60
51 D0 52 I=i,.5
52 PE(LI=PEC])/PI®180.

WRITEL6,55) PE -
55 FORMATULTX s 2HFLe SX o SHL.MAX ¢ 2 X IHMIN s 4X o SH2 . MAX o 64X 2ZHF 2/ :

115%X¢38(1H*)}/13H DP NOM./DEG +5F8.2)
Dla)=1.

G0 10 7
60 D0 62 I%1,S5
PEP(II=PBP(1)/PL*]180.
62 PER(LII=PANIL] /P1%180.
WRITEL(6¢85) (D(N)Nx1,7)¢PEPPEM
65 EORMAT (49HOCOMPONENT VARIATION (o/-PCT) R1 R2 R3 c1 ¢
12 c3 OV/23H (OPPOSITE IN CHANG192)¢6X,42(11~)/28XyTF6.2

3/13H0DP MAX /DEG +5F&+2/13H DP MIN /DEG +5F8.2)
GO Y0 7

ZND
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APPENDIX 2

COMPUTER PROGRAM FOR THE WORST-CASE ANALYSIS OF THE DOME FILTER
CIRCUIT WITH OPERATIONAL AMPLIFIER

INPUT DATA :

b e £

blank

¢(chan. 1), c(chan.2)

*» & & ¢ o e o o

Data Format Comment
f2/tl F10.6
c{chan. 1), c{chan. 2) 2F10.6
ARI’ AR2, ACl, ACZ’ AR3, AR4 6F5.2 Tolerance in percent

(tolerance set)

Any number of tolerance sets
If analysis for different
circuit parameters is
desired > *

Any number of tolerance
sets

*As many sets of data cards may be used as desired.
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PROGRAM LISTING

C DOME FILTER (DIFF.AMPL.), WORST CASE
DIMENSION CU2)oR(2) ¢TAL6)4DIT)Y(69214E13,2),
LPEPI5), PEN(S) 4PE(S)
EQUIVALENCE (TA(1)oI1)5(1A(2)412)5(0A(3)013)0(1AL4) 14D,
LCIALSY . I5), (TAL6)416)
REAL K(2)
PIs3.1415926
READ{5,1) F
1 FORMAT(2F10.6)
X1=SQRT(1./F)
X2=SQRT (F)
GRi{X14X2)#92-4, )/ (X14X2=2.)
S2SORTIGHSQRT(GRG4+2 4GHSQRT( 2.4G~4.)})
B83SQRT(1.45#5/2.~G+SQRT{{1.4525/2,~G}**2~1.))
DELTAS2 SATAN((SHS=2.8S8{B=1./B)~(B-1./B}*#2)/(585+2.85%(8~1,/8)
1-(8~1./8!%82))*180./P1 '
WRITE16,2)FS+8,DELTA
2 FORMAT( 71H1 2.0EG.EQUAL~RIPPLE 90DEG.DIFF.NW. WORST EFFECT OF
1COMP.VARIAT IONS/ 2SHONOM INAL BANDWIDTH F2/F1=,F8.4/254 NOM, DERIVED ;
2 PARAM. S2,FB.6+5H BxoFB.6,94 DELTA=,F4.2) :
3 READ(S,1) C :
D0 4 I=1,2 : '
G=SQRT(C(I)INS/2./(1a4C (1))
REII={G+SQRT(GRG-1,/(1.+C{1)) }}*%2
4 K(I)=2,/R{1)42.%C(1)+1.
WRITE(6¢5HICIII KUV RITY,1I=1y2)
5 FORMAT (25SHONOM. REALIZ. CHAN.1 C=yF8.5¢5H K=24FB,5,5H R=4FB.5
1/14X6HCHANG293F13.5/1X¢58(1H*})
D0 6 N=1,7
6 DIN)=0.
GO TO 12
7 READ{5.,8) (DIN)N=x146)
8 FORMAT (7F5.2)
TF(D(1)eEQu0seANDsD(2)+EQe0c s AND.D(3).EQeD4<AND.D{4).EQ.0..ANC,
10(5)+£Qe0..AND.D(6}.EQ.0.) GO TO 3
D0 10 [I=1,5
PEP(1)=0. -
10 PEMIT)=PI
12- DO 13 N=l,6
TA(N) =L
13 IF(D(N) .NE.G.) LAIN)I=2
00 50 Ni=1,I1
Y(1s1)%1a40611/7100.%(~1.)185N1
Y(192321.=D(1)/100.%(-1.)%¢N]
00 50 N2=1,12
Y{2,1)51.4D(2)/100.%(~1.}8%N2
¥(242)%1.-0(2)/100.%{-1.)98N2
DG 50 N3=1,I3
Y(3,1)21.40(3)/100.%{-1.)%*N3
¥(3:2)21.~D{3)/100.%{~1.)%*N3
00 50 Né=l,l4
Y(4y12m1.40(4)/100.%(~1.)88N4
¥0(4,2)%1.~0(4)/100.%(~1.)08NG
DO 50 NS5=1,15
Yi5.1)21.4D(5)/100.%(~1.)#8NS

1
£
3
4
i
2
E
4
4
2
b
H
4
3
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3
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a
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2
3

ot wan A st St b

50




PR

STSIR BT < T St

20
21
22
23
24
25

26
27

28

29
30

35
50

51
52

55

6C
62
65

PROGRAM LISTING (Coatinued)

V(5o23=la-0(5)1100.¥(-1.)“NS

D0 50 Né6=1,16
Y(6vl)=1.00(6)/100.‘(~l.)*'Né
Y(ésZ!'l.-D(éillOO»*(-l.)#*Nb

0a 15 1[s},2
G-l./Y(l,l)/Y(S-l)/SQRTlC(!)’R(I))
HtSQRT(C(lS*R(I))/Y(Zvi)/Y(4,l)
E(l.l)*G*H-SQRY(R(l)/C(l))*K(l)/Y
E(Zol)*l./Y(l'!)lY(Zrl)/Y(39!3/Y(6pi)

:(g;l!*GGHOSORT(R(I)/CGI))/Y(Z.IDIY(3,I)
*

00 30 1=1,101

IFIN.EQ.4.AND.T.LT.101) GO TO 20

X8Xl¥(x2/11)*‘(FL0AT(l-l)/lOO.)

GsE(2,1)~(x8B) 2%

H=E(2,2)=(X/B)%%2

PO-ARCT(X‘B‘E(lel)cG)*ARCT(X‘B‘E(S’l!oG)*ARCT(XIB‘E(302)'H)-

LARCT(X/BRE(3,2), M)
IF(I-1) 20,20,21
PE{1}=p
GO To 20
IF(P-PO) 26,30,22
IF(N-2) 23,24,25
PE(2)=p
GO YO 30
N=3
GG 10 390
PE(4)=p
G0 70 30
IFIN~2) 27,28,29
N=x2
GO 70 30
PE{3)=p
GG T0 30
N=4
PQa2p
PE(5)ap
D0 35 {=)1,5 )
IF(PELL).GT.PEP( L)) PEP(I1)2PE(])
[F(PECI).LT.PEN{T)) PEMIT)=PE(])
CONTINUE
IFL0(T}) 51,51,60
DG 52 [=x=1,5
PE(Y)=PE(I)/PI*]180.
WRITE(6,455) PE
FORHAT(l?XoZHFl.5X.5H1.MAX,4X.3HM!N,6X,5H2.MAX'4Xo2HF2/
115X¢3801H=)/13H DP NOM./DEG ,5F8.2)
DiT)=i.
60 10 7
DO 62 1Ix1,5
PEP(I)=PEPLI)/PLI*18C.
PEF(1)=PEM(I}/PI*14a0.
WRITE(6+¢65) (DIN),N=1,6),PEP, PEM
FORMAT (63HOCOMPONENT VARIATION (e/-0CT) &1 R2 ci
13 R4/23H (OPPOSITE N CHAN.192),6X935(1H~)/28X48F6.27
213HOOP MAX /DEG +5F£,2/13H DP MIN /0EG 15F8.2)
60 7O 7
END
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APPENDIX 2
SUBPROGRAM ARCT REQUIRED BY PROGRAMS IN APPENDIXES | AND 2

C QUADRANT-CORRECT (+/-180 DEG) ARCTG(NUM,.,DENOM.) SUBPROGRAM
FUNCTYION ARCTY(XI,XR)

3 PI=3,1415926
1 IFIXR) 91,94,90
: ‘ 90  ARCT=ATAN{XI/XR)

RETURN
91 TE{XI) 93,92492
92 ARCT=ATAN(XI/XR) +PI
RETURN
93 ARCT=ATAN{XI/XR)~PI
RETURN
94 IF(XI} 96497,95
95 ARCT=PI/2.
RETURN
96 ARCT=-01/2.
RETURN
97 ARCT=0.
RETURN
END




